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[57] ABSTRACT 
A pervaporation process for separating at least one 
component from a mixture of liquids, for example for 
separating ethanol from a fermentation mass, by a series 
of three separation steps: separating the mixture by a 
?rst pervaporation to form a first permeate vapor en 
riched in the component to be separated; fractionating 
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PERVAPORATION PROCESS OF SEPARATING A 
LIQUID MIXTURE 

FIELD OF THE INVENTION 

The present invention relates to a pervaporation pro 
cess of separating a mixture of liquids containing at least 
one component present in highly diluted form and, 
which is to be recovered therefrom, for example the 
recovery of ethanol from fermentation mashes. 

TECHNOLOGY REVIEW 

Ethanol produced, for example, in the fermentation 
of vegetable substances, has in the past been enriched to 
a maximum of 95% by volume (azeotropic mixture) 
(Chem.-Ing.-Tech. 53 (1981) No. 1, pages 47-50) by 
means of recti?cation distillation. Subsequent further 
puri?cation to a minimum of 99.7% by volume is then 
usually done by distillation with an entraining agent. 
The economical recovery of the ethanol from fermenta 
tion mashes is dependent on the ethanol concentration 
in the mash. Below about 6% by volume ethanol, the 
energy required to obtain pure ethanol by distillation 
increases exponentially. Thus it is necessary to ferment 
those plants which furnish an ethanol content of more 
than 6% by volume in their fermentation mash. These 
are usually very valuable plants which are cultivated 
for the production of food, such as, for example, pota 
toes, sugarbeets, cereals, etc. To be able to obtain etha 
nol from other plants or their waste products from other 
uses, which furnish ethanol in low concentration when 
fermented, the energy requirement must be reduced. 

Processes are already known for the dehydration or 
further puri?cation of ethanol which employ pervapo 
ration in conjunction with distillation to improve the 
energy balance U.S. Pat. No. 4,405,409 and West Ger 
man Patent No. 3,410,155 However, these processes 
employ distillation to produce a highly concentrated 
ethanol of, for example, 80% by volume and employ 
pervaporation only to further purify this ethanol. Per 
vaporation thus merely takes the place of distillation 
with an entraining agent. 

SUMMARY OF THE INVENTION 

The invention provides a pervaporation process for 
separating at least one component from a mixture of 
liquids, for example for separating ethanol from a fer 
mentation mass, by a series of three separation steps: 
separating the mixture by a ?rst pervaporation to form 
a ?rst permeate vapor enriched in the component to be 
separated; fractionating the ?rst permeate vapor, for 
example by temperature condensation, to form a high 
concentration fraction twice enriched in the component 
to be separated; and a second pervaporation to form a 
retentate liquid thrice enriched in the component to be 
separated. 

It is an object of the present invention to improve the 
above-mentioned process in such a way that ethanol, for 
example, can be produced under favorable economic 
and energy consumption conditions from mixtures 
which only contain a very small percentage of this 
substance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 gives a general overview of the apparatus 
employed to implement the process and utilizing series 
connected condensation stages. 
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FIG. 2 shows a special device having parallel con 

nected condensation stages. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The invention will now be described in greater detail 
with reference to an embodiment illustrated in FIGS. 1 
and 2. 
According to FIG. 1, ethanol (EtOH) contained in a 

fermentation mash 1 in vessel 2 is removed from mash 1 
by means of a ?rst pervaporator 5. The membranes of 
the ?rst pervaporator 5 furnish a permeate vapor 30 
enriched with ethanol which is subjected to fraction 
ated condensation in two series connected condensation 
stages 11 and 12 and is divided into a low concentration 
fraction 31 and a higher concentration fraction 32. Low 
concentration fraction 31 can be returned to the intake 
of pervaporator 5. The higher concentration fraction 32 
is directly processed further for the recovery of pure 
ethanol 34, through a second pervaporation stage 21 to 
increase purity. If the higher concentration fraction 
does not meet the requirements, it is either returned 35 
to the intake 33 or added 36 to permeate vapor 30. 

Pevaporators 5 and 21 operate as is as follows. The 
preheated intake liquid stream 33 containing the compo 
nents to be separated (for example ethanol/water) is 
conducted through a suitable semipermeable membrane 
(not shown). The vapor stream 30 permeating through 
the membrane is subjected to a phase change from liq 
uid on the membrane inlet side to gaseous on the mem 
brane permeate side. During this pervaporation, ethanol 
is extracted from the intakemixture by the use of suit 
able semipermeable membranes. The retentate 7 (see 
also FIG. 2) constitutes a slurry which is not subject to 
any change of state. The driving force for the ?ow of 
the permeate is a coarse vacuum (<50 mbar) present in 
the permeate chamber. The composition of the perme 
ate is determined by sorption and transporting processes 
in the membrane. The vaporous permeate 30 is con 
densed by way of a stream of coolant and can be re 
turned at a suitable location and/or processed further. 
Since the condensation enthalpy of the permeate de 
pends on its composition, this process can be optimized 
in that the permeate stream 30 is exposed to various 
condensation temperatures and/or condensation pres 
sures thus producing permeates 31, 32 which have dif 
ferent concentrations. From an energy aspect it is pre 
ferred to use a special vacuum pump (e.g. a liquid ring 
pump) between fractionation condensers 11 and 12 so 
that condensation can take place in condenser 12 under 
normal pressure. When this is done a water coolant 
stream at a temperature of 6° to 8° C. is suf?cient in 
most cases for both condensers. 
The evaporation of permeate at the membrane in 

pervaporators 5 and 21, removes heat from the stream 
?owing through which, in order to compensate for the 
drop in temperature must be returned by way of a heat 
carrier. The energy consumption of this process in 
cludes the evaporation enthalpy as well as the conden 
sation enthalpy. The intake mixture 33 which selec 
tively ?ows through the membrane is deriched to the 
lowest possible ethanol concentration which is still 
economically justi?ed to produce retentate 7. Retentate 
7 generally has an ethanol content of less than about 
0.5% by volume. Retentate 7 leaves the system as a 
slurry while giving heat to intake stream 33 (see FIG. 
2). If the ethanol concentration of the retentate 7 is too 
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high, the process may operate as a batch process, i.e. the 
slurry is returned to fermentation vessel 2. 
A device for implementing the process according to 

the invention will be described in greater detail below 
with reference to FIG. 2, with the ethanol concentra 
tion being given in percent by volume and the through 
put being given in kg/h at respectively characteristic 
locations. 
The mash 1 obtained during fermentation, which may 

have a raw ethanol content of less than 6% by volume, 
is extracted from fermentation vessel 2 by means of a 
pump 3 and conducted via heat exchanger 4 to per 
vaporator 5 through which it ?ows. Within this per 
vaporator 5, ethanol is removed from the ?owing mash 
1 by a semipermeable membrane of type A, as described 
below. The heat required for the evaporation perme 
ation is supplied by way of a heating stream 6. Retentate 
7, deriched in ethanol and having a ?nal concentration 
of less than about 0.5% EtOH, gives heat to intake 
stream 33 and leaves the system as a slurry 8. In a batch 
process, it may also be returned 9 to fermentation vessel 
2. 
The ethanol enriched permeate vapor 30 obtained in 

pervaporator 5 by the application of a vacuum by means 
of a vacuum pump 10 is condensed in two parallel con 
nected condensers 11 and 12. In condenser 11, a perme 
ate 31 is condensed to about 10% EtOH by means of a 
coolant stream 13 having a temperature of about —20° 
C. In condenser 12, the coolant stream 14, however, has 
a lower temperature of about -—50° C. Here a permeate 
32 of about 70% to 75% EtOH is being condensed. The 
series and parallel connection of condensers 11 and 12 
are equivalent to one another, with the series connec 
tion being able to operate at higher condensation tem 
peratures. It is also possible to use a single condenser 
operating with temperature gradients. 

In fermentation vessel 2, the low concentration con 
densate 31 is mixed by means of a pump 15 and while 
taking up heat 16 with the mash 1 ?owing toward per 
vaporator 5. 
Condensate 32 which has been enriched to more than 

60% EtOH is conducted from condenser 12 to a buffer 
vessel 17 from which it can be processed further. 
To make the alcohol absolute, the ethanol is con 

ducted into a second pervaporation system 21. For this 
purpose, the ethanol is pumped by means of a pump 19 
and conducted through heat exchangers 20 to the sec 
ond pervaporator 21 through which it flows. The water 
is removed from the flowing ethanol/water mixture by 
the installation of a suitable semipermeable membrane. 
A membrane of type B, as described below, is used. The 
concentrated retentate 22 (or 34 in FIG. 1) leaves the 
system as absolute alcohol (product) while giving heat 
to the intake. Here again heat must be supplied to per 
vaporator 21 by means of a heating stream 23. Applying 
a vacuum by means of a vacuum pump 24 produces a 
permeate vapor which, depending on the type of semi 
permeable membrane employed, has an ethanol content 
of from about 20% to about 50% by volume. The per 
meate vapor may be conducted by way of a pipeline 29 
(or 36 in FIG. 1) to condensers 11, 12 of the ?rst per 
vaporation stage or the permeate condensed in con 
denser 25 with the aid of a coolant stream 26 may like 
wise be returned to mash 1 by means of a pump 28 while 
taking up heat 27 (see pipeline 35 in FIG. 1). 
Two types of semipermeable membranes, A and B, 

can be employed for the pervaporation process. 
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Membrane type A: this type of semipermeable mem 

brane increases the amount of the organic component in 
the permeate compared to the intake. Examples of 
membrane type A include membranes made of polysi 
loxanes (silicone), in the form of homogeneous ?lms, or 
produced by the thin ?lm composite technique, or in 
corporated as a gel or oil in the pores of porous frame 
works of other polymers or ceramic thin ?lms, or silan 
ized silicate membranes, or in the form of settling mem 
branes [dynamic membranes], produced from silanized 
silicates expanded and made hydrophobic in solvents or 
other chemicals. 

In addition, microporous hydrophobic foils produced 
by precipitation from solvents or by stretching and 
having typical pore widths from 20 to 100 nm may be 
used. 
Membrane Type B: this type of semipermeable mem 

brane increases the water content in the permeate com 
pared to the intake. Examples of membrane type B 
include membranes made of cellulose, cellulose esters 
and their mixtures, preferably of cellulose triacetate. 
The use of various membranes A or B within the 

groups in one system simultaneously in successive per 
vaporators is contemplated according to the present 
invention; it optimizes separating precision and the 
quantity throughput per surface area. 
Membranes of type A produce membrane flow rates 

between 20 and 400 kg/ rnz/ day at, for example, an 
operating temperature of 40° C. The concentration in 
the permeate of, for example, ethanol increases, while 
passing through the membrane, from 8% to more than 
30% which corresponds to a separation factor of 5 to 6. 
Membranes of type B remove water with separation 

factors between 10 and 10,000, with the streams produc 
ing very high separating factors and, for example, a rate 
of about 0.1 kg/mZ/day at 40" C. With smaller separa 
tion factors, flow rates of 25 kg/mZ/day are typically 
achieved. Within this group of membranes the flow 
performance generally doubles for every 10° C. the 
intake ?ow temperature is increased. The separating 
precision is not changed thereby. 

It is understood that various other modi?cations will 
be apparent to and can readily be made by those skilled 
in the art without departing from the scope and spirit of 
this invention. Accordingly, it is not intended that the 
scope of the claims appended hereto be limited to the 
description as set forth herein, but rather that the claims 
be construed as encompassing all the features of patent 
able novelty that reside in the present invention, includ 
ing all features that would be treated as equivalents 
thereof by those skilled in the art to which this inven 
tion pertains. 
What is claimed is: 
1. A pervaporation membrane process for separating 

at least one component from a mixture of liquids, com 
prising: 

separating a mixture of liquids by a ?rst pervapora 
tion membrane to form a ?rst permeate vapor once 
enriched in at least one component to be separated, 
and a ?rst retentate liquid deriched in said at least 
one component to be separated; 

fractionating said ?rst permeate vapor to form a high 
concentration fraction t'wice enriched in said at 
least one component to be separated, and a low 
concentration fraction deriched in said at lest one 
component to be separated; 

separating said high concentration fraction by a sec 
ond pervaporation membrane to form a second 
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permeate vapor deriched in said at least one com 
ponent to be separated, and a second retentate 
liquid thrice enriched in said at least one compo 
nent to be separated; and 

recovering said at least one component to be sepa 
rated from said second retentate liquid. 

2. The pervaporation process of claim 1, including 
feeding said low concentration fraction deriched in said 
at least one component to be separated into said mixture 
of liquids to be separated by a ?rst pervaporation. 

3. The pervaporation process of claim 1, including 
feeding said second permeate vapor deriched in said at 
least one component to be separated into said ?rst per 
meate vapor to be fractionated. 

4. The pervaporation process of claim 1, including 
feeding said second permeate vapor deriched in said at 
least one component to be separated into said mixture of 
liquids to be separated by a ?rst pervaporation. 

5. The pervaporation process of claim 1, wherein said 
?rst permeate vapor is fractionated by serial condensa 
tion of the vapor in at least two condensers in series. 

6. The pervaporation process of claim 5, wherein said 
?rst permeate vapor is fractionated by lowering the 
temperature of the ?rst permeate vapor. 

7. The pervaporation process of claim 5, wherein said 
?rst permeate vapor isfractionated by increasing the 
pressure of the ?rst permeate vapor. 

8. The pervaporation process of claim 1, wherein said 
mixture of liquids is fermentation mash and said at least 
one component to be separated is ethanol. 

9. The pervaporation process of claim 1, wherein said 
?rst pervaporation membrane is a semipermeable mem 
brane adapted to increase the amount of an organic 
component in the permeate vapor compared to the 
mixture of liquids. 

10. The pervaporation process of claim 1, wherein 
said second pervaporation membrane is a semiperme 
able membrane adapted to increase the amount of a 
water component of the permeate vapor compared to 
the high concentration fraction. 
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11. A pervaporation membrane process for separating 

at least one component from a mixture of liquids‘, con 
sisting essentially of: 

separating a mixture of liquids by a ?rst pervapora 
tion membrane to form a ?rst permeate vapor once 
enriched in at least one component to be separated, 
and a ?rst retentate liquid deriched in said at least 
one component to be separated; 

fractionating said ?rst permeate vapor to form a high 
concentration fraction twice enriched in said at 
least one component to be separated, and a low 
concentration fraction deriched in said at least one 
component to be separated; 

separating said high concentration fraction by a sec 
ond pervaporation membrane to form a second 
permeate vapor deriched in said at least one com 
ponent to be separated, and a second retentate 
liquid thrice enriched in said at least one compo 
nent to be separated; and 

recovering said at least one component to be sepa 
rated from said second retentate liquid. 

12. The pervaporation process of claim 11, wherein 
said ?rst pervaporation membrane is a semipermeable 
membrane adapted to increase the amount of an organic 
component in the permeate vapor compared to the 
mixture of liquids. 

13. The pervaporation process of claim 11, wherein 
said second pervaporation membrane is a semiperme 
able membrane adapted to increase the amount of a 
water component of the permeate vapor compared to 
the high concentration fraction. 

14. The pervaporation process of claim 11, wherein 
. said mixture of liquids is a fermentation mash and said at 
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least one component to be separated is ethanol. 
15. The pervaporation process of claim 11, wherein 

said ?rst permeate vapor is fractionated by serial con 
densation of the vapor in at least two condensers in 
series. 

16. The pervaporation process of claim 15, wherein 
said ?rst permeate vapor is fractionated by lowering the 
temperature of the ?rst permeate vapor. 

17. The pervaporation process of claim 15, wherein 
said ?rst permeate vapor is fractionated by increasing 
the pressure of the ?rst permeate vapor. 
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